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Rmkerm
:rd, Anomalous origin of tire left coronary artery from
the pulmonary trunk is difficult to diagnose reliably soy two-
dimensional echocardiography. Therefore, Doppler color flow
mapping was tested in 29 patients with dilated cardiomyopathy or
anomalous left coronary artery . or both .
Methods
and Besulrs. All patients with anomalous left coronary
artery (10 patients) or dilated cardlawyopathy (27 patients)
(excluding those with other known causes for cardiomyopathy)
examined between January 1988 and May 1991 were identified .
The direction of flow in the three main segments of the left
coronary system was determined by Doppler color How mapping .
In all 10 patients with anomalous left coronary artery, How
mopping demonstrated an sonormal jet from the left coronary
artery into the pulmonary trunk and retrograde How in at least
two segments of the left coronary system . The diagnosis was
confirmed in all 10 patients at operation.
Doppler color flow mapping, perfprened i- 19 -f [be 27 patients
with dilated cardiomyopathy, demonstrated anterograde flow in
at least one segment or the left coronary system in 16 of the 19
patients; flow direction ryas not determined in the other 3 patients .
Patients with anomalous origin of the left coronary artery
from the pulmonary trunk frequently present in infancy or
childhood with heart failure and echocardiographic findings
of dilated cardiomyopathy . The range of symptoms is di-
verse and the age at diagnosis varies from infancy to the 5th
decade of life (1,2),
although most patients present in the 1st
year . It is imperative to distinguish patients with anomalous
left coronary artery from those with other causes of dilated
cardiomyopathy such as myocarditis . Timely diagnosis and
surgical intervention in patients with this lesion usually
result in complete resolution of symptoms and normalization
of left ventricular size and function
(3)
.
Detection or exclusion of anomalous left coronary artery
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Cut	 was aoefrmed by aortic root or left
r a
'
angiography i r 14 patients and at autopsy in t patient
and was
m
not directly confirmed in 4 patients
. Left ventricular
function spontaneously improved to normal in three of the latter
four patients, a clinical course not consistent with anomalous left
coronary artery .
The tees coronary artery appeared to arire from itte aortic root
by tmodimensicnal echooardiographic imaging alone in all pa-
tients with dilated eardiomyopathy and in 5 of 10 patients with
anomalous left coronary artery (50% false negative diagnoses) .
Conclusions . Detection of an abnormal jet into the pulmonary
trunk and retrograde How in the left coronary system by Doppler
cal.. Heir mapi:iag is reliable far diagnosing anomalous left
coronary artery whereas two-dimensional echocardiegraphic im-
aging alone is often inconclusive or misleading . Determining flow
direction in the left coronary system in patients with dilated
csrdiontyopathy is useful for excluding anomalous left coronary
artery but is technically more difficult to document in this
condition them in anomalous left coronary artery .
tt Am Call Cardiol 1992;29:7271-S)
by two-dimensional echocardiography and pulsed Doppler
ultrasound is possible although difficult and unreliable (4) .
Several recent case reports (5-8) and ore series (9) suggest
that Doppler color flow mapping offers a significantly more
reliable means for detecting this anomaly noninvasively .
However, there are no reports of a consecutive series of
patients with dilated cardiomyopathy in which Doppler color
flow mapping was used to distinguish patients with anoma-
lous left coronary artery from those with cardiomyopathy of
other causes. We report the findings of two-dimensionai
echocardiography and Doppler color flow mapping in 37
consecutive patients: 10 with anomalous left coronary artery
and 27 with dilated cardiomyopathy due to other causes .
Methods
Case finding. The records of the noninvasive laboratory
of the Department
of Cardiology for the period from January
1988 to May 1991 were searched for any patient with
anomalous left coronary artery or dilated cardiomyopathy .
Patients with a struclu cal heart defect other than anomalous
left coronary artery (for example, critical aortic stenosis or
0735-f097197i55 .00
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coarctalion of the aorta), a known exposure to a myocardial
toxin (for example, doxorubicin or iron) or Kawasaki syn-
drome were excluded . Similarly, the records of the catheter-
ization laboratory of the Department of Cardiology and the
surgical reports of the Division of Cardiovascular Surgery
were searched for any patient with anomalous left coronary
artery diagnosed by angiography or at operation during the
same period . The echocardiogram, echocardiographic report
and clinical records were reviewed for all patients identified
.
The diagnosis recorded on the echocardiographic report
(;-n
:rective in all but three cases) wa'- used for analysis .
Each echocardiogram was reviewed to determine lire w; ..:
flow pattern in the left coronary artery system .
Echocardiography and Doppler color flow mapping . All
examinations were performed with a Hewlett-Packard 77020
or an Acuson 128 cardiac imager with Doppler color flow
mapping. A 7.5 or 5 MHz transducer was used for each
examination . Patients were
examined
in the supine or left or
right decubitus position with use of subxiphoid, apical,
parasternal and suprasternal notch views . Sedation with
chloral hydrate was used when necessary in infants and
young children . All examinations were recorded on 0 .5 in .
(1 .27 cm) video cassette tape and were reviewed in real time,
slow motion and slop frame modes . The examiner was aware
of the findings on physical examination, electrocardiogram,
chest radiograph and any previous echocardiogram or angio-
gram.
Views were modified as previously reported to obtain
r71mal images of the coronary arteries (10). Specifically,
clockwise rotation of the transducer from the parasternal
short-axis view was used to display the length of the left
main coronary artery and the bifurcation . Angulation toward
the left shoulder from the parasternal long-axis view dis-
played the left main coronary artery, the bifurcation and the
proximal portion of the left anterior descending artery. The
proximal portion of the left circumflex coronary artery could
usually be seen in either view . In addition, Doppler color
flow mapping was performed while the heart was scanned in
all views, especially the parasternal short-axis and left-
wardly angled long-axis views used to demonstrate the
coronary arteries. The low velocity settings (reducing the
cutoff value for the high pass filter) were used frequently to
enhance the amplitude of the color flow signal front the
coronary arteries . Pulsed Doppler sas,lpling was not consis-
tently performed it the coronary arteries .
Study patients . From January 1938 to May 1991, the
diagnosis of dilated cardiomyopathy or anomalous left cor-
onary artery, or both was made by echocardiography in 37
consecutive patients, aged I day to 17 years (median 5
months)
. A total of 54 additional patients were excluded for
the reasons cited earlier
. Ten of the 37 patients had anoma-
lous left coronary artery diagnosed by two-dimensional
echocardiography and Doppler color flow mapping and
confirmed by angiography in I patient and at operation in all
10 patients . The age of the 10 patients ranged from I month
to 7
.5 years (median 4 .5 months) and the weight from 3 to
28 kg (median 7) . No other patient had a diagnosis of
anomalous left coronary artery by angiography or at opera-
tion during this time period . In I of the 10 patients the
diagnosis had been missed on echocardiography performed
earlier at this institution . Cardiac catheterization, performed
at the referring hospital in three patients, indicated anoma-
lous left coronary artery in two patients and suggested
normal coronary artery anatomy in one patient .
The remaining 27 patients, aged I day to 17 years (median
11 .4 months) and weighing 3 .6 to 75 kg (median 8), had
dilated cardiomyopathy of another cause. Normal coronary
- t7ry a ^.Inmy was confirmedd by aortic root or left ventric-
ular angiography in 21 patients and at autopsy in 2 patients
and was not confirmed directly in 4 patients . Left ventricular
function improved to normal in three of these four patients,
a finding consistent with myocarditis .
Results
Doppler color flow mapping. In all 10 patients with anom-
alous left coronary artery, Doppler color flow mapping
demonstrated a diastolic or continuous flow jet from the left
coronary artery into the pulmonary trunk and retrograde
flow in at least two of the three major segments of the left
coronary system (left main, left anterior descending or left
circumflex artery). The parasternal short-axis view most
consistently demonstrated retrograde flow (Fig. IA) . In this
view retrograde flow was documented in all three segments
in 9 (90%) of the 10 patients . In the leftwardly angled
parasternal long-axis view, retrograde flow was noted in the
left main coronary artery in all 10 patients (1000/0, in the left
circumflex artery in 7 (70%) and in the left anterior descend-
ing artery in only 4 (40%) of the 10 patients . With use of both
views, at least two segments of the left coronary system
were noted to have retrograde flow in all 10 patients (Fig .
2A).
Four of rite 27 patients with dilated cardiomyopathy of
another cause underwent only a limited echocardiographic
examination . These four patients were undergoing cardio-
pulmonary resuscitation and their condition was too unsta-
ble for a complete echocardiographic evaluation . Two of
these patients died within a few hours of admission . In these
cases the examination was performed to confirm the clinical
impression of severely depressed left ventricular function . In
four other patients examined early in 1988 no attempt was
made to demonstrate the direction of blood flow in the left
coronary system by Doppler color flow mapping . In the 19
remaining patients an attempt was made to determine the
direction of blood flow in the left coronary artery by Doppler
color flow mapping .
Anterograde coronary flow was demonstrated in the
parasternal short-axis view (Fig
. IB) in at least one segment
of the left coronary system in 16 of the 19 patients . Amer,
grade flow was demonstrated in only one segment in six
patients, in two segments in eight patients and in three
segments in only two patients (Fig. 2B) . The long-axis view
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Figure 1. Doppler color flow map, (left
panel) showing the direction of flow in the
left coronary system alongsldd gray sc
."-
images
(right panel) showing the anatomy .
A, Parasternal short-axis view in a patient
with anontalocs left coronary artery . Note
retrograde flow in all three segments and the
flow jet from the orifice of the left coronary
artery (Ica) into the pulmonary trunk (PA).
B, Parastcrnal short-axis view in a patient
with dilated cardiomyopathy and normally
connecting left coronary artery . There is
anterograde flow in all three segments . C,
Paraslernal short-axis view in a patient with
anomalous left coronary artery . The left
coronary artery appears to
connect
nor-
mally with the aorta (An) (right panel) .
However, the flow map demonstrates Petro-
grade flow in the left main, left anterior
descending (lad) and left circumflex (Icca)
arteries .
was not recorded consistently in these patients. The direc-
tion of flow was not demonstrated in any segment of the left
coronary system in the other three patients with dilated
cardiomyopathy. Patients in whom coronary flow was not
detected or was detected in only one segment of the left
coronary system tended to be larger (median weight I I vs .
6 .1 kg) and older (median age 14 vs . 5 .5 months), but the
differences were not significant .
T wo.dimensionai magiiig. The left main Loronary artery
appeared in the parasternal short-axis view to arise normally
from the aortic root in all 23 patients with dilated cardiomy-
opathy who underwent a complete imaging examination .
However, the left coronary artery also appeared to have a
normal origin by two-dimensional imaging in this view in 5
(50%) of the 10 patients with anomalous left coronary artery
(Fig
. 1C) .
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Discussion
Anomalous origin of the left coronary artery from the
pulmonary trunk is a relatively uncommon lesion first de-
scribed by Bland et al . (1I) in 1933 . This abnormal coronary
artery connection results in a left to right shunt into the
pulmonary artery through coronary collateral vessels and
left ventricular ischemia due to diversion of myocardial
blood supply. The diagnosis is often suspected clinically, but
noninvasive confirmation by two-dimensional echocardiog-
raphy is difficult, with a high rate of
false negative diagnosis
(4) . Aortic root angiography can be inconclusive and the
lesion may be missed without selective right coronary artery
injection.
Doppler color flow mapping. This report demonstrates
that Doppler color flow mapping is reliable for detecting
1274
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Figure 2. Diagrammatic representation of the number of coronary
segments in v hi ;:h flow could be detected with Doppler color flow
mapping in It nttients with anomalous left coronary artery (A) and
19 patients with dilated cardiomyopathy and normally connecting
left coronary artery (B). Abbreviations as in Figure I .
anomalous left coronary artery by demonstrating retrograde
flow in the left coronary system and an abnormal
flow
jet
from the left coronary artery into the pulmonary trunk .
Moreover, detection of anterograde flow in the left coronary
system is useful to exclude this
diagnosis, There were no
false positive or false negative diagnoses of anomalous left
coronary artery using Doppler color flow mapping to deter-
mine the direction
of flow in the left coronary system,
although a flow signal was not obtained in three patients with
dilated cardiomyopathy.
The direction of flow
in the left coronary system was
determined in all patients with anomalous left coronary
artery and 84% of the patients with dilated cardiomyopathy
in whom it was attempted . The more consistent detection of
coronary flow in patients with anomalous left coronary
artery is probably related to three factors
. First, the orien-
tation of the anomalously connecting left coronary artery is
more anteroposterior than is that of the normally connecting
left coronary artery, resulting in a more favorable Doppler
angle (Fig. 1). Second, the left coronary artery is usually
larger in patients with the coronary anomaly than in those
with dilated cardiomyopathy (12) . Third, the coronary flow
volume and duration are usually greater in anomalous left
coronary artery (I).
Two-dimensional imaging
. In contrast, the rate of false
negative diagnosis could have been as high as 50% in this
series based solely on two-dimensional
imaging of the origin
of the left coronary artery . This appears to be due to false
dropout of the wall separating the aortic root and the left
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coronary artery when it arises from the pulmonary trunk
close to the aorta
. Transesophageal echocardiography might
improve the visualization of the coronary ostia as reported in
adults (13), but it is not generally available for infants . This
study indicates that the most important function of imaging
is identification of the bifurcation and three segments of the
left coronary system . The normal direction of floc, in a
segment cannot be determined unless the segment is cor-
rectly identified and its orientation relative to the bifurcation
is known. Misidentification of a segment of the left coronary
system could lead to an error in diagnosis .
Conclusions. Demonstration of an abnormal flow jet into
the pulmonary trunk coupled with detection of retrograde
flow in at least two segments of the left coronary artery
system by Doppler color
flow mapping is highly reliable for
diagnosing anomalous left coronary artery . This was possi-
ble in all 10 patients with this anomaly . In addition, demon-
stration of anterograde flow in one or more segments of the
left coronary system is useful for excluding anomalous left
coronary artery in patients with dilated cardiomyopathy .
Detection of flow in the normally connecting left coronary
system is more difficult than in anomalous left coronary
artery but was accomplished in 84% of patients in this series .
Correct identification of the segments of the left coronary
system is essential for proper interpretation of the color flow
information .
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